ABSTRACT
Introduction
Microorganisms attach to surfaces and develop biofilms. Biofilm-associated cells can be differentiated from their suspended counterparts by generation of an extracellular polymeric substance (EPS) matrix.
Biofilms are dense bacterial structures with high growth and conversion rates, therefore, ideal systems to link populations to activities.
Bacteria experience a certain degree of shelter and homeostasis when residing within a biofilm, and one of the key components of this microniche is the surrounding extrapolymeric substance matrix. This matrix is composed of a mixture of components, such as EPS, protein, nucleic acids, and other substances. The best studied of these components is EPS. Most bacteria are able to produce polysaccharides, either as wall polysaccharides (capsules) or as extracellular excretions into the surrounding environment (EPS) (11) .
It is most likely that EPS plays various roles in the structure and function of different biofilm communities. Moreover, it is quite possible that EPS plays a different role in similar microbial communities under different environmental conditions (8 In this study is described some biochemical methods to investigate EPS. Quantity determination of extracellular polymeric substances, exopolysaccharide and proteins in particular is depends of methods of extraction and hydrolysis (6) .
The aim of this study is to investigate formation and development of Arthrobacter oxydans 1388 biofilm on different kind of polymer matrixes. To verify the vitality of the Arthrobacter oxydans biofilm grown on the carrier, the dynamics of its formation is studied by biochemical methods and scanning electron microscopy.
Arthrobacter oxydans strain is chosen because of its high potential for bioremediation with high urease activity and urea degradation in wastes (7), (14) It shows capability of utilizing hydrocarbons as nutrition and energy source in media with different pH values (9) . It has been also proven that these bacteria can detoxify chromium (1) and high levels of Ni (13) , and high efficiency removal of NH 3 and H 2 S from waste gases was achieved with such strains inoculated in a biotrickling filter reactor (2).
Immobilization of Arthrobacter oxydans cells on a surface of carrier by adhesion and formation of stable biofilm is depends from different factors, like nature of surface cell, age of cell culture, kind of polymeric matrix and environment conditions. These parameters have influence on adhesion of cells. The adhesion method of immobilization is very simple and easy for realization and applicable for more sensitive microbial cells. Matrixes were obtained on the base of copolymer of acrylonitrile with acrylamide and mixed with cellulose acetate butyrate.
Another method used in this study for immobilization of bacterial cells from Arthrobacter oxydans and formation of biofilm is covalently binding on matrix based on copolymer of acrylonitrile with acrylamide.
Materials and methods

Materials
Salts for nutrient medium were obtained from Merck (Germany). Glucose and bovine serum albumin were obtained from Fluka (Switzerland). All other chemicals were of reagent grade or better.
Cell culture and biofilms formation
Arthrobacter oxydans strain 1388 from the National collection for industrial and cell cultures (NBIMCC) (Bulgaria) were cultured on solid agar medium for 48 hours at 28 ○ C. After this incubation, colonies were picked on and suspended in liquid nutrient medium.
The composition of the nutrient medium was according to (12) .
The matrixes that were used in the experiments for formation of biofilm are polymeric carriers of two different kinds of polymers or mixture of polymers. The thickness of every film was 1.5-2.0mm, with diameter 3.15-3.25cm. The obtained matrixes were placed in the cell suspension with nutrient medium and the biofilms were formed by cell adhesion. The binding of cells was carried out at pH 7 at a temperature 28°C under continuous stirring in bath shaker (220rpm). Investigation of formation of biofilm was studied on 18h, 24h, 48h, 72h and 120h. After 48 h the matrixes were washed up by physiological solution and suspended in the fresh nutrient medium.
The membranes used for covalently immobilization were activated with 12,5 % formaldehyde. The cell suspension was moved into 20 ml 0.1 M phosphate buffer, pH 8 with activated membranes. The immobilization procedure was continued 72 h at room temperature. Exopolysaccharides and protein production of biofilm was investigated.
Analytical procedures
The absorbance of the biomass of free cells and that produced by biofilms were measured at 610 nm with a Perkin-Elmer Lambda 2 spectrophotometer (Germany). Cell growth was also determined by the dry cell weight method (5) after the samples were dried at 105 °C until a constant weight. The protein content was measured using a modified Lowry method (4) as described by Raunkjaer et al (10) .
The exopolyssaccharide content was measured using the anthrone method (3) as modified by Raunkjaer et al (10) to eliminate the effect of a non anthrone-specific colour development.
Scanning electron microscopy
The samples with biofilms were dried in a vacuum centrifuge, sputter -coated with gold (JEOL JFS 1200) and examined by scanning electron microscopy (SEM)(JEOL JSM -5510) at 10 kV.
Results and Discussion
The microbial cells are immobilized by two methodscovalently binding and adhesion to the different polymeric matrixes. (Fig. 1). Fig. 1 showed the Arthrobacter oxydans cells immobilized on the surface of polymeric matrix based on copolymer of acrylonitrile with acrylamide and mixed with cellulose acetate butyrate. ]. Table 2 shows that the fastest immobilization of bacteria in the early hours of study is achieved through covalently immobilization and therefore the amount of produced by Arthrobacter oxydans proteins and exopolysaccharides are higher. Another important conclusion is that the amount of protein and exopolysaccharides in covalent binding remains constant and gradual increases in the course of the study. Regarding polymer matrixes best able to choose one that is a mixture of PAN and PAA, because since the SEM picture has been observed that it has a relatively smooth surface. From cellulose acetate butyrate also received appropriate matrixes for the formation of biofilms.
TABLE 2
Amount of synthesized proteins and EPS at a fixed start and end time
Conclusions
Of the two methods of immobilization the better and effective is the covalent binding. The most suitable polymer matrix for the formation of biofilms is composed of PAN and PAA.
